Introduction
In polytocous species with bicornuate uteri, fetal body weight is inversely proportional to the number of fetuses present in both the ipsilateral and the contralateral uterine horns (Ibsen, 1928 ;  Hammond, 1935; Barcroft, 1944;  Hashima, 1956; McLaren & Michie, 1959 Healy, McLaren & Michie, 1960; McCarthy, 1965; McLaren, 1965; Barr, Jensh & Brent, 1969 . This influence of the uterine environment has been explained on the basis of competition among fetuses for a relatively limited supply of nutrients (Ibsen, 1928; Hammond & Marshall, 1952; McCance, 1962) , space (Ibsen, 1928; Barcroft, 1944; McLaren, 1965) , and/or uterine vasculature (Eckstein, McKeown & Record, 1955; McCance, 1962; McLaren, 1965) .
Fetal growth is also affected by intrauterine position, although species differ in the location of the most and least favourable developmental sites (Ibsen, 1928; Rosahn & Greene, 1936; Mossman, 1937; Hashima, 1956; Waldorf, Foote, Self, Chapman & Casida, 1957; McLaren & Michie, 1959 Healy et al, 1960; McLaren, 1965; Barr et al, 1969 . Intrauterine position effects have been attributed to differential implantation time (Mossman, 1937) , uteroplacental haemodynamics (McLaren & Michie, 1959 Healy et al, 1960; McLaren, 1965) , mechanical constraints imposed by the uterus (Ibsen, 1928; McLaren, 1965) , and other unknown factors .
Previous studies of uterine environmental effects in general, and of positional effects in particular, have assumed that the developmental influences exerted are similar for male and female fetuses. It is also assumed that the placenta mediates some, if not all, of these developmental influences, since fetal and placental weights tend to respond similarly to environmental conditions (Barcroft, 1944; McCance, 1962; McCarthy, 1965 McCarthy, ,1967 McLaren, 1965) .
To test these assumptions in the rat, we have analysed separately the effect of the uterine environ¬ ment on the growth of male and female fetuses and their placentae. Dixon & Massey (1957) , and the data were expressed as the mean ±S.E.M.
Results
The 83 litters comprised 10-8±0-l implantations (range 5-16) and 10-2 ±0-2 live fetuses (range 3-16). Individual uterine horns contained from 1 to 10 implantations and live fetuses. Of the 166 uterine horns 29 (17-5 %) contained one or more résorption sites, i.e. the remains of embryos which had died after implantation. These horns were excluded from the analysis of intrauterine position effect, since résorption sites had a variable effect on the spacing of the surviving fetuses.
The right uterine horns contained 52-4% of all implantations, 4-7% of which were résorption sites. Of the implantations in the left uterine horns, 4-2% were résorption sites. The fetal sex ratios (males/100 females) in the right and left horns, 102 and 100 respectively, were not significantly different. There was no significant difference in average body weight of fetuses in the right (2-13 ± 0-01g) and left (210 ± 0-01 g) uterine horns, and the data from the two sides were therefore pooled for analysis.
Regardless of the number of fetuses present, males located in the middle of the uterine horn were invariably heavier than those occupying either of the extreme positions (Table 1) . Those (Table 1 ). In contrast, the body weight of female fetuses appeared to be independent of the number of fetuses present in the ipsilateral horn (Table 1) .
The body weight of male and female fetuses showed a steady decline as the number of littermates present in the contralateral uterine horn increased (Table 2) . This relationship was observed for male fetuses regardless of their intrauterine position. Moreover, average fetal weight in one horn of a litter was positively related to, rather than independent of, average fetal weight in the contralateral horn, regardless of the number or sex of the fetuses involved (Table 2) .
On the 20th day of gestation, male fetuses were almost invariably larger than female fetuses (Table 1) , the exceptions being some males located at the extreme ovarian or cervical positions of crowded uterine horns (Table 1 ). The body weight of fetuses was independent of the sex of the other fetuses occupying that uterine horn.
Intrauterine position also affected placental weight of male and female conceptuses. Placentae located at or near the middle of the uterine horn were approximately 10 % heavier than those located at either end. For both sexes, placental weight was inversely related to the number of fetuses present in the ipsilateral and contralateral horns (unpublished data). Within litters, mean placental weight in one horn was positively correlated with that in the contralateral horn, regardless of litter size or sex ratio. For both sexes, there was a positive correlation between the weight of a fetus and that of its placenta (Table 3) .
Discussion
The present findings indicate that the development of a malerat fetus is influenced significantly both by its position within the uterine horn and by the number of littermates with which it shares that horn. 
In contrast, the growth of female rat fetuses appears to be relatively independent of these intrauterine conditions. For male rat fetuses (and for placentae in both sexes), the optimum developmental site is the middle of the uterine horn and the least advantageous site is the extreme ovarian or cervical position, particularly when the horn is occupied by 5 or more fetuses. This pattern of intrauterine position effect has been reported previously in the rat (Barr etal.,1969 (Barr etal., ,1970 , and is the reverse of the pattern observed in the guinea-pig (Ibsen, 1928) , pig (Waldorf et al, 1957) and mouse (McLaren & Michie, 1959 Healy et al, 1960) . Among the explanations proposed for intrauterine position effects, the present data are difficult to reconcile with the hypothesis of differential implantation time (Mossman, 1937) . Likewise, considering the distribution of arterial vasculature in the pregnant rat uterus , these data fail to support the haemodynamic theory , but are consistent with the hypothesis that the rat uterus, being less distendable at the ends than at the centre, imposes mechanical constraints upon fetal development at the termini. In this case, the maximum size attainable at the extreme ovarian or cervical positions is that typical of genetic females.
Genetic sex is one of the most important factors affecting the body weight of 20-day-old rat fetuses (Table 1) . Male fetuses are larger than females under all but the most adverse intrauterine conditions. Therefore fluctuations in sex ratio may distort the true relationship between mean fetal weight and intrauterine position if the two sexes are not analysed separately. For example, a female rat fetus located in the centre of a uterine horn containing 2 or 4 additional male fetuses is likely to be the smallest fetus present, not because of her intrauterine position but because of her sex. To ignore fetal sex in a study such as this requires the assumption that the sex ratio at each intrauterine position is similar. Secondary sex ratio is notoriously variable in most mammalian species, and this assumption may not be valid unless the sample size is large. The present study contained 351 male and 346 female fetuses, indicating a sex ratio of 101, but within the subgroups of the experiment the sex ratios varied by as much as ± 50 % from the composite ratio.
The negative relationship between male fetal weight and the number of littermates present in the ipsilateral horn may simply be a manifestation of the intrauterine position effect. As the horn becomes increasingly crowded, more males must develop at the disadvantageous ovarian or cervical positions. Their reduced growth potential will be reflected in a reduced mean fetal weight. Certainly crowding per se is not detrimental to the development of male fetuses located in the middle of the uterine horn or the development of female fetuses at any intrauterine site.
In summary, our results suggest that the developmental influence exerted by the uterine environ¬ ment does not affect male and female rat fetuses equally. The growth of male fetuses is modified by conditions such as position and crowding in the ipsilateral horn; the growth of female fetuses is not. In contrast, the growth of male and female fetuses is influenced by conditions within the contralateral uterine horn. 
